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Here we propose the extended modified gravity theory named as f(R,G, T ) gravity
where R is the Ricci scalar, G is the Gauss-Bonnet invariant and T is the trace of the
stress-energy tensor. We derive the gravitational field equations in f(R,G, T ) gravity
by taking least action principle. Next we construct the f(R,G, T ) in terms of R, G
and T in de Sitter as well as power law expansion. We also construct f(R,G, T ) if
the expansion follows the finite time future singulary (big rip singularity). We investi-
gate the energy conditions in this modified theory of gravity and examine the validities
of all energy conditions. Finally, we analyze the stability of the constructed modified gravity.
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I. INTRODUCTION
Recent observational data suggests that our universe is experiencing an accelerated expansion
[1–4]. This acceleration is caused by some unknown matter known as dark energy which has the
property that positive energy density (ρ) and negative pressure (p) satisfying ρ+3p < 0. It is believed
that our present Universe is made up of about 4% ordinary matter, about 74% dark energy and about
22% dark matter. A simple candidate for dark energy is the cosmological constant [5, 6]. Also several
models play the roles of dark energy such as quintessence [7], phantom [8], quintom [9, 10], tachyon
[11], k-essence [12], dilaton [13], hessence [14], DBI-essence [15, 16] etc. There are other alternative
of dark energy is modified gravity theory [17, 18] which represents a classical generalization of
general relativity. In theoretical model, the standard Einstein-Hilbert action is replaced by different
functions of the Ricci scalar R [19, 20] (i.e. f(R) gravity) or Gauss-Bonnet invariant G [21, 22]
(i.e., f(G) gravity). These modifications should consistently describe the early-time inflation and
late-time acceleration, without introduce any other dark component and consistent with the solar
system constraints [23]. A generalization of f(R) modified gravity theory was proposed by Bertolami
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2et al [24] by including an explicit coupling of arbitrary function of the Ricci scalar R with the
matter Lagrangian Lm. Nojiri et al [25] studied the non-minimally coupling of f(R) and f(G)
gravity theories with Lm and found that this coupling unifies the inflationary era with recent cosmic
accelerated expansion. The geodesic deviation of f(G) gravity (for small curvature) is weaker than
the non-minimal f(R) gravity.
Harko et al [26] proposed another extensions of standard general relativity, the f(R,T ) and
f(R,T φ) modified theories of gravity, where the gravitational Lagrangian is given by an arbitrary
function of the Ricci scalar R and of the trace of the stress-energy tensor T and T φ is the stress-
energy tensor of scalar field. The implications in f(R,T ) gravity have been extensively studied in
several works [27–32]. Another extension of modified gravity is f(R,G) gravity [33]. In f(R,G) grav-
ity, the energy conditions, future finite time singularities and other cosmological implications have
been extensively studied by several authors [34–40]. Recently, Sharif et al [41] have introduced an-
other kind of extension of modified gravity theory like f(G,T ) gravity theory. They have reconstructed
the f(G,T ) gravity through power law, de Sitter expansions of the Universe and also investigated the
validities of all the energy conditions. Also Sharif et al [42] have analyzed the stability of some recon-
structed cosmological models in f(G,T ) gravity. Shamir et al [43] have studied the Noether symmetry
approach of some cosmologically viable f(G,T ) gravity models. Motivated by these works, here we
propose another extension of modified theories of gravity like f(R,G,T ) gravity and our main aim is
to find the forms of the function f(R,G,T ) from de Sitter, power law and future singularity models.
In section 2, we derive the gravitational field equations in f(R,G,T ) gravity. Next we construct the
f(R,G,T ) in terms of R, G and T in de Sitter expansion in section 3. We construct the f(R,G,T )
due to the power law expansion model in section 4. We also construct f(R,G,T ) in section 5 if the
expansion follows the finite time future singulary. In section 6, we study the energy conditions in
modified theory of gravity. In section 7, we analyze the stability of f(R,G,T ) gravity model. Finally
we draw some concluding remarks in section 8.
II. GRAVITATIONAL FIELD EQUATIONS IN f(R,G, T ) GRAVITY
Here we formulate the Einstein’s field equations for f(R,G,T ) modified gravity theory. For this
purpose, we consider the action for f(R,G,T ) gravity theory in the form
S =
1
2κ2
∫
f(R,G,T )√−g d4x+
∫
Lm
√−g d4x (1)
3where f(R,G,T ) is the arbitrary function of Ricci scalar R, Gauss-Bonnet invariant G and of the trace
T of stress-energy tensor of the matter. Also Lm is the matter Lagrangian, g = |gµν | and κ2 = 8piG
(choosing c = 1). The stress-energy tensor of the matter is defined as [44]
Tµν = − 2√−g
δ(
√−g Lm)
δgµν
(2)
The trace of the stress-energy tensor is T = gµνTµν . Here we assume that the matter Lagrangian Lm
depends only on the metric tensor gµν , so we obtain
Tµν = gµνLm − 2 ∂Lm
∂gµν
(3)
Now the variation of action (1), we obtain the following integral:
δS =
1
2κ2
∫ [
fRδR + fGδG + fT δT + fδ(
√−g) + 2κ
2
√−g δ(Lm
√−g)
]√−gd4x (4)
where fR =
∂f
∂R
, fG =
∂f
∂G
and fT =
∂f
∂T
. The Ricci scalar R and Gauss-Bonnet invariant G are as
follows:
R = gµνRµν , G = R
2 − 4RµνRµν +RµνξηRµνξη (5)
The variations of
√−g, R, Rµν , G, T are as follows:
δ(
√−g) = −1
2
√−g gµνδgµν , (6)
δR = (Rµν + gµν∇2 −∇µ∇ν)δgµν , (7)
δRµν = ∇λδΓλµν −∇νδΓλµλ, (8)
δΓλµν =
1
2
gλα(∇µδgνα +∇νδgµα −∇αδgµν), (9)
δG = 2RδR − 4δ(RµνRµν) + δ(RµνξηRµνξη), (10)
δT = (Tµν +Θµν) δgµν (11)
with
Θµν = g
αβ ∂Tαβ
∂gµν
(12)
4Now putting δS = 0 in equation (4) and using (6) - (12), we obtain the field equations of f(R,G,T )
gravity as
(Rµν + gµν∇2 −∇µ∇ν)fR − 1
2
fgµν + (2RRµν − 4RξµRξν − 4RµξνηRξη + 2Rξηλµ Rνξηλ)fG
+(2Rgµν∇2 − 2R∇µ∇ν − 4gµνRξη∇ξ∇η − 4Rµν∇2 + 4Rξµ∇ν∇ξ + 4Rξν∇µ∇ξ + 4Rµξνη∇ξ∇η)fG
= κ2Tµν − (Tµν +Θµν)fT (13)
where ∇2 = ∇µ∇µ is the d’Alembert operator. If we put f(R,G,T ) = f(R,T ) (G independent),
we can recover the field equations in f(R,T ) gravity which was proposed in Ref [26]. If we put
f(R,G,T ) = f(G,T ) (R independent), we can recover the field equations in f(G,T ) gravity which
was proposed in Ref [41] and if we put f(R,G,T ) = f(R,G) (T independent), we can recover the
field equations in f(R,G) gravity [33]. Taking the trace of the above field equation (13) (multiplying
both sides by gµν) we have
(R + 3∇2)fR − 2f − (2G− 2R∇2 + 4Rµν∇µ∇ν)fG = κ2T − (T +Θ)fT (14)
where Θ = Θµνg
µν . Taking covariant divergence of equation (13), we obtain [26, 41]
∇µTµν = fT
κ2 − fT
[
(Tµν +Θµν)∇µ ln fT +∇µΘµν − 1
2
gµν∇µT
]
(15)
We see that the above expression is independent of fR and fG. Also we may obtain [26, 41]
Θµν = −2Tµν + gµνLm − 2gαβ ∂
2Lm
∂gµν∂gαβ
(16)
If Lm is known then we can find Θµν . The energy momentum tensor for perfect fluid is assumed as
Tµν = (ρ+ p)uµuν + pgµν (17)
where ρ and p are respectively energy density and pressure of perfect fluid. The four velocity uµ
satisfies uµu
µ = −1 and uµ∇νuµ = 0. Now assume that the matter Lagrangian is Lm = p. So the
equation (16) reduces to
Θµν = −2Tµν + pgµν (18)
Here we assume the flat FRW model of the universe described by the line element
ds2 = −dt2 + a2(t) [dr2 + r2(dθ2 + sin2θdφ2)] (19)
5where a(t) is the scale factor. From equation (5), we can obtain
R = 6(H˙ + 2H2), G = 24H2(H˙ +H2) (20)
where H = a˙/a is the Hubble parameter and dot means the derivative w.r.t. cosmic time t. For the
above metric, we obtain the trace T = 3p− ρ and Θ = 2(ρ− p). So T +Θ = 2(ρ+ p). From equation
(15), we obtain the non-conservation equation
ρ˙+ 3H(ρ+ p) =
(
1
2
T˙ − p˙
)
fT − (ρ+ p)f˙T (21)
Now, the standard conservation equation ∇µTµν = 0 for perfect fluid gives
ρ˙+ 3H(ρ+ p) = 0 (22)
So from equation (21), we obtain
(ρ˙− p˙)fT + 2(ρ+ p)f˙T = 0 (23)
From equation (13) we obtain the field equations for f(R,G,T ) gravity as
3H2 =
1
fR
[
κ2ρ+ (ρ+ p)fT +
1
2
(RfR − f)− 3Hf˙R + 12H2(H˙ +H2)fG − 12H3f˙G
]
(24)
and
(2H˙+3H2) = − 1
fR
[
κ2p− 1
2
(RfR − f) + 2Hf˙R + f¨R − 12H2(H˙ +H2)fG + 8H(H˙ +H2)f˙G + 4H2f¨G
]
(25)
The above two field equations can be written in the standard Einstein’s field equations as
3H2 = κ2ρeff and (2H˙ + 3H
2) = −κ2peff (26)
where
ρeff =
1
κ2fR
[
κ2ρ+ (ρ+ p)fT +
1
2
(RfR − f)− 3Hf˙R + 12H2(H˙ +H2)fG − 12H3f˙G
]
(27)
and
peff =
1
κ2fR
[
κ2p− 1
2
(RfR − f) + 2Hf˙R + f¨R − 12H2(H˙ +H2)fG + 8H(H˙ +H2)f˙G + 4H2f¨G
]
(28)
Now the first and 2nd derivatives of fR and fG w.r.t. t are given below:
f˙R = R˙fRR + G˙fRG + T˙ fRT , f˙G = R˙fRG + G˙fGG + T˙ fGT , (29)
6f¨R = R¨fRR+G¨fRG+T¨ fRT +R˙2fRRR+2R˙G˙fRRG+2R˙T˙ fRRT +G˙2fRGG+2G˙T˙ fRGT +T˙ 2fRT T , (30)
f¨G = R¨fRG+G¨fGG+T¨ fGT +R˙2fRRG+2R˙G˙fRGG+2R˙T˙ fRGT +G˙2fGGG+2G˙T˙ fGGT +T˙ 2fGT T (31)
Using (29)-(31), the field equations (24) and (25) reduce to the following equations
κ2ρ− 1
2
f +
1
2
(R− 6H2)fR + 12H2(H˙ +H2)fG + (ρ+ p)fT − 3HR˙fRR
− 3H(4H2R˙+ G˙)fRG − 3H T˙ fRT − 12H3G˙fGG − 12H3T˙ fGT = 0, (32)
and
κ2p+
1
2
f +
1
2
(4H˙ + 6H2 −R)fR − 12H2(H˙ +H2)fG + (2HR˙ + R¨)fRR
+[8H(H˙ +H2)R˙+ 4H2R¨+ 2HG˙+ G¨]fRG + (2H T˙ + T¨ )fRT + [8H(H˙ +H2)G˙+ 4H2G¨]fGG
[8H(H˙ +H2)T˙ + 4H2T¨ ]fGT + R˙2fRRR + (2R˙G˙+ 4H2R˙2)fRRG + 2R˙T˙ fRRT + (G˙2 + 8H2R˙G˙)fRGG
+ (2G˙T˙ + 8H2R˙T˙ )fRGT + T˙ 2fRT T + 4H2G˙2fGGG + 8H2G˙T˙ fGGT + 4H2T˙ 2fGT T = 0 (33)
In the next sections, we’ll construct the f(R,G,T ) in terms of R, G and T for de Sitter, power
law and future singularity expansion models.
III. CONSTRUCTION OF f(R,G, T ) IN DE SITTER MODEL
Now we want to construct the function f(R,G,T ) in terms of R, G, T for de-Sitter universe. For
de Sitter model of the universe, the scale factor can be written as [41]
a(t) = a0e
H0t (34)
where a0 and H0 are positive constants. For this model, we have
H = H0, R = 12H
2
0 , G = 24H
4
0 , R˙ = G˙ = R¨ = G¨ = 0, (35)
Also we assume the fluid of the Universe obeys barotropic equation of state p = wρ, where w is
constant. So from the conservation equation (22), we obtain the energy density ρ = ρ0a
−3(1+w), where
ρ0 is positive constant. Now we obtain
ρ =
T
3w − 1 , T˙ = −3H0(1 + w)T , T¨ = 9H
2
0 (1 + w)
2T (36)
7Using these values, the field equations (32) and (33) reduce to
κ2T
3w − 1 −
1
2
f + 3H20fR +
1 + w
3w − 1T fT + 12H
4
0fG + 9H
2
0 (1 + w)T fRT + 36H40 (1 + w)T fGT = 0 (37)
and
κ2wT
3w − 1 +
1
2
f − 3H20fR − 12H40fG + 3H20 (1 + w)(1 + 3w)T fRT + 12H40 (1 + w)(1 + 3w)T fGT
+ 9H20 (1 + w)
2T 2fRT T + 36H40 (1 +w)2T 2fGT T = 0 (38)
The solution of the above equations is obtained as
f(R,G,T ) = c1ea1R+a2GT b1 + c2ea3RT b2 + c3ea4GT b3 + c4ea5R + c5ea6G + c6T b4 + c7T (39)
where ci (i = 1, ..., 7), ai (i = 1, ..., 6) and bi (i = 1, ..., 4) are constants satisfying (i) a1 + 4H
2
0a2 =
− 1
42H2
0
, a3 = − 142H2
0
, a4 = − 1168H4
0
, a5 =
1
6H2
0
, a6 =
1
24H4
0
, b1 = b2 = b3 = 1, c6 = 0, c7 = −κ2 for
w = 1; (ii) a1 + 4H
2
0a2 =
1
6H2
0
, a3 =
1
6H2
0
, a4 =
1
24H4
0
, a5 =
1
6H2
0
, a6 =
1
24H4
0
, c6 = 0, c7 = −κ22 for
w = −1.
So the above solution can be written as
f(R,G,T ) =


e
−
R
42H2
0
(
c1e
−4a2H20R+a2G + c2
)
T + c3T e
−
G
168H4
0 + c4e
R
6H2
0 + c5e
G
24H4
0 − κT for w = 1
e
R
6H2
0
(
c1e
−4a2H20R+a2GT b1 + c2T b2 + c4
)
+ e
G
24H4
0
(
c3T b3 + c5
)− κ2T2 for w = −1
(40)
We see that f(R,G,T ) is the combinations of exponential and power forms of R, G and T . Now
we draw the function f(R,G,T ) against t in figure 1. From the figure we observe that f(R,G,T )
increases as t increases. From the figure we observe that f(R,G,T ) sharply increases as t increases
(upto ≈ 2) and then it takes the value 5.4365 which is nearly parallel to t axis (i.e., slope of the curve
≈ 0) throughout the evolution.
IV. CONSTRUCTION OF f(R,G, T ) IN POWER LAW MODEL
Now we consider the universe expands in the power law form of the scale factor [41]
a(t) = a0t
n (41)
where a0 and n are positive constants. It should be noted that for acceleration phase of the Universe
a¨ > 0, we must have n > 1. So from (41) we obtain
H =
n
t
, H˙ = − n
t2
, R =
6n(2n− 1)
t2
,
R˙
R
= −2
t
,
R¨
R
=
6
t2
, G =
24n3(n− 1)
t4
,
G˙
G
= −4
t
,
G¨
G
=
20
t2
(42)
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Fig.1 : Plot of f(R,G, T ) against time t for de Sitter expansion.
and
ρ =
T
3w − 1 ,
T˙
T = −
3n(1 + w)
t
,
T¨
T =
3n(1 +w)[3n(1 + w) + 1]
t2
(43)
Using equations (42) and (43), the field equation (32) simplifies to the form
κ2T
3w − 1 −
1
2
f +
n− 1
2(2n − 1) RfR +
1
2
GfG +
1 + w
3w − 1 T fT +
1
2n− 1 R
2fRR
+
4n− 3
(n− 1)(2n − 1) RGfRG +
3n(1 + w)
2(2n − 1) RT fRT +
2
n− 1 G
2fGG +
3n(1 + w)
2(n − 1) GT fGT = 0 (44)
From the above equation (44), we get the solution as in the following form:
f(R,G,T ) = c1Ra1Ga2T a3+c2Ra4Ga5+c3Ra6T a7+c4Ga8T a9+c5Rb1+c6Gb2+c7T b3+c8T +c9G (45)
where ci (i = 1, ..., 9), ai (i = 1, ..., 9), bi (i = 1, 2, 3) are constants satisfying
c8 =
2κ2
w − 3 , b3 =
3w − 1
2(1 + w)
, b2 = −n− 1
4
, 2b21 + (n− 3)b1 = 2n− 1, (46)
a9 =
(3w − 1)(1 − a8)(n− 1 + 4a8)
(1 + w)[2(n − 1) + 3n(3w − 1)a8] , a7 =
(3w − 1)[2n − 1− a6(n− 1− 2a6)]
(1 +w)[2(2n − 1) + 3n(3w − 1)a6] , (47)
[4(2n − 1)a5 + 2(4n − 3)a4 + (n− 5)(2n − 1)]a5 = (n− 1)[2n − 1− a4(n− 3 + 2a4)], (48)
a3 =
(3w − 1)[(n + 1){(2n + 1)(1 − a2)− a1(n+ 3− 2a1)}+ 2(4n + 3)a1a2 + 4(2n + 1)a2(a2 − 1)]
(1 +w)[2(n + 1)(2n + 1) + 3n(3w − 1){(n + 1)a1 + (2n + 1)a2}]
(49)
We see that f(R,G,T ) is the power forms of R, G and T . Now we draw the function f(R,G,T )
against t in figure 2. From the figure we observe that f(R,G,T ) decreases as t increases. From the
figure we observe that f(R,G,T ) sharply decreases as t increases (upto ≈ 2) and then it is nearly
parallel to t axis (i.e., slope of the curve ≈ 0) throughout the evolution.
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Fig.2 : Plot of f(R,G, T ) against time t for power law expansion.
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Fig.3 : Plot of f(R,G, T ) against time t for future singularity model.
V. CONSTRUCTION OF f(R,G, T ) IN FUTURE SINGULARITY MODEL
If there is a finite time future singularity occurs at t = ts in the evolution of the Universe, we may
consider the universe expands as in the following form of the scale factor [41]
a(t) =
a0
(ts − t)n (50)
where a0 and n are positive constants and t < ts. Now in this case we obtain H = n/(ts − t). Since
H becomes singular in the limit t → ts so ts is the future time when a singularity appears. This
singularity is known as type I or big rip singularity [45] because a(t) → ∞, ρ → ∞ and |p| → ∞ in
the limit t→ ts. Similar to the power law form, the field equation (32) reduces to
κ2T
3w − 1 −
1
2
f +
n+ 1
2(2n + 1)
RfR +
1
2
GfG +
1 + w
3w − 1 T fT −
1
2n+ 1
R2fRR
− 4n+ 3
(n+ 1)(2n + 1)
RGfRG +
3n(1 + w)
2(2n + 1)
RT fRT − 2
n+ 1
G2fGG +
3n(1 + w)
2(n + 1)
GT fGT = 0 (51)
10
From the above equation, we get the solution in the following form:
f(R,G,T ) = d1Rx1Gx2T x3 +d2Rx4Gx5 +d3Rx6T x7 +d4Gx8T x9 +d5Ry1 +d6Gy2 +d7T y3 +d8T +d9G
(52)
where di (i = 1, ..., 9), xi (i = 1, ..., 9), yi (i = 1, 2, 3) are constants satisfying
d8 =
2κ2
w − 3 , y3 =
3w − 1
2(1 + w)
, y2 =
n+ 1
4
, 2y21 − (n+ 3)y1 + (2n+ 1) = 0, (53)
x9 =
(3w − 1)(1 − x8)(n+ 1− 4x8)
(1 + w)[2(n + 1) + 3n(3w − 1)x8] , x7 =
(3w − 1)[2n + 1− x6(n+ 1− 2x6)]
(1 + w)[2(2n + 1) + 3n(3w − 1)x6] , (54)
[4(2n + 1)x5 + 2(4n + 3)x4 − (n+ 5)(2n + 1)]x5 = (n+ 1)[x4(n + 3− 2x4)− 2n + 1], (55)
x3 =
(3w − 1)[(n − 1){(2n − 1)(1 − x2)− x1(n− 3 + 2x1)} − 2(4n − 3)x1x2 − 4(2n − 1)x2(x2 − 1)]
(1 +w)[2(n − 1)(2n − 1) + 3n(3w − 1){(n − 1)x1 + (2n − 1)x2}]
(56)
When the universe expands with big rip singularity, the solution f(R,G,T ) is in the combinations of
power forms of R, G and T . We see that f(R,G,T ) is the power forms of R, G and T . Now we
draw the function f(R,G,T ) against t in figure 3. From the figure we observe that f(R,G,T ) nearly
parallel to t axis (i.e., slope of the curve ≈ 0) upto certain period of time t ≈ 5 then sharply increases
as t increases near future singularity (t ≈ 6).
VI. ENERGY CONDITIONS
Here we study the energy conditions for f(R,G,T ) gravity in FRW Universe. The concept of
energy conditions came from the Raychaudhuri equation [40, 41]
dθ
dτ
= −1
2
θ2 − σµνσµν + ωµνωµν −Rµνkµkν (57)
where θ, σµν and ωµν are expansion scalar, shear tensor and rotation tensor respectively associated
to congruence defined by the null vector field kµ. From the Raychaudhuri equation, we observe that
σ2 = σµνσ
µν ≥ 0 and for any hypersurface orthogonal congruences, ωµν = 0 and for attractive
gravity, dθ
dτ
≤ 0, so above equation reduces to Rµνkµkν ≥ 0. In Einstein’s gravity, the above condition
becomes Tµνk
µkν ≥ 0, which is the null energy condition (NEC). For timelike vector field vµ, the
above Raychaudhuri equation can be written as
dθ
dτ
= −1
3
θ2 − σµνσµν + ωµνωµν −Rµνvµvν (58)
11
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Figs.4 and 5 show the plots of ρeff + peff and ρeff against time t for de Sitter expansion model respectively.
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Figs.6 and 7 show the plots of ρeff + 3peff and ρeff − peff against time t for de Sitter expansion model
respectively.
From this equation we get Rµνv
µvν ≥ 0 and hence Tµνvµvν ≥ 0, which is the weak energy condition
(WEC). Similarly the strong energy condition (SEC) is (Tµν − 12T gµν)vµvν ≥ 0 and the dominant
energy condition (DEC) is Tµνv
µvν ≥ 0 and Tµνvν is not space-like imply locally measured energy
density to be always positive and the energy flux is time-like or null. Now we write the NEC, WEC,
SEC and DEC for modified f(R,G,T ) gravity theory in general values of f(R,G,T ).
• Null energy condition (NEC):
ρeff + peff =
1
κ2fR
[
κ2(ρ+ p) + (ρ+ p)fT −Hf˙R + f¨R + 4H(2H˙ −H2)f˙G + 4H2f¨G
]
≥ 0, (59)
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Figs.8 and 9 show the plots of ρeff + peff and ρeff against time t for power law expansion model respectively.
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Figs.10 and 11 show the plots of ρeff + 3peff and ρeff − peff against time t for power law expansion model
respectively.
• Weak energy condition (WEC):
ρeff =
1
κ2fR
[
κ2ρ+ (ρ+ p)fT +
1
2
(RfR − f)− 3Hf˙R + 12H2(H˙ +H2)fG − 12H3f˙G
]
≥ 0, (60)
ρeff + peff =
1
κ2fR
[
κ2(ρ+ p) + (ρ+ p)fT −Hf˙R + f¨R + 4H(2H˙ −H2)f˙G + 4H2f¨G
]
≥ 0, (61)
• Strong energy condition (SEC):
ρeff + 3peff =
1
κ2fR
[
κ2(ρ+ 3p) + (ρ+ p)fT − (RfR − f) + 3Hf˙R + 3f¨R
−24H2(H˙ +H2)fG + 12H(2H˙ +H2)f˙G + 12H2f¨G
]
≥ 0, (62)
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Figs.12 and 13 show the plots of ρeff + peff and ρeff against time t for future singularity model respectively.
1 2 3 4 5 6
0
500
1000
1500
t
Ρ
ef
f+
3p
ef
f
1 2 3 4 5 6
0
200
400
600
800
1000
t
Ρ
ef
f-
p e
ff
Fig.14 Fig.15
Figs.14 and 15 show the plots of ρeff + 3peff and ρeff − peff against time t for future singularity model
respectively.
ρeff + peff =
1
κ2fR
[
κ2(ρ+ p) + (ρ+ p)fT −Hf˙R + f¨R + 4H(2H˙ −H2)f˙G + 4H2f¨G
]
≥ 0 (63)
• Dominant energy condition (DEC):
ρeff =
1
κ2fR
[
κ2ρ+ (ρ+ p)fT +
1
2
(RfR − f)− 3Hf˙R + 12H2(H˙ +H2)fG − 12H3f˙G
]
≥ 0, (64)
ρeff + peff =
1
κ2fR
[
κ2(ρ+ p) + (ρ+ p)fT −Hf˙R + f¨R + 4H(2H˙ −H2)f˙G + 4H2f¨G
]
≥ 0, (65)
ρeff − peff = 1
κ2fR
[
κ2(ρ− p) + (ρ+ p)fT + (RfR − f)− 5Hf˙R − f¨R
14
+24H2(H˙ +H2)fG − 4H(2H˙ + 5H2)f˙G − 4H2f¨G
]
≥ 0 (66)
Since the above expressions for NEC, WEC, SEC and DEC are complicated form which contain
partial derivatives of f(R,G,T ) w.r.t. R, G and T as well as time derivatives. So to examine the
validities of NEC, WEC, SEC and DEC, we need graphical representations. For de Sitter model, we
plot ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff against t in figures 4, 5, 6 and 7 respectively. We
have taken the parameters H0 = 72, a0 = 1, ρ0 = 1, κ = 1, a2 = 1, b1 = 2, b2 = 3, b3 = 1, b4 =
2, c1 = 2, c2 = 1, c3 = 4, c5 = 3, c6 = 0. For these choices of the parameters, from figures we observe
that ρeff+peff , ρeff , ρeff+3peff and ρeff−peff are all positive during evolution of the Universe. So
NEC, WEC, SEC and DEC are satisfied for our constructed f(R,G,T ) gravity for se Sitter expansion
model. Also, we see that in this model, ρeff+peff , ρeff , ρeff+3peff and ρeff−peff are all decreasing
as time increases. Initially, these quantities have sharp decrease bahaviour (about t ≈ 2) and after
that these are nearly parallel to t axis and tending to zero but keeps positive sign.
For power law model, we plot ρeff + peff , ρeff , ρeff +3peff and ρeff − peff against t in figures 8,
9, 10 and 11 respectively. We have taken the parameters n = 3, a0 = 1, ρ0 = 1, κ = 1, a1 = 2, a2 =
1, a4 = 3, a5 = 2, a6 = 3, a8 = 2, b1 = 2, c1 = 1, c2 = 3, c3 = 2, c5 = 4, c5 = 1, c6 = 1, c7 = 3, c9 = 2.
For these choices of the parameters, from figures we observe that ρeff + peff , ρeff , ρeff + 3peff and
ρeff − peff are all positive during evolution of the Universe. So NEC, WEC, SEC and DEC are
satisfied for our constructed f(R,G,T ) gravity for power law expansion model. Also, we see that in
this model, ρeff +peff , ρeff , ρeff +3peff and ρeff −peff are all decreasing from high values to nearly
zero as time increases.
For future singularity model, we plot ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff against t in
figures 12, 13, 14 and 15 respectively. We have taken the parameters n = 2, a0 = 1, ρ0 = 1, κ =
1, ts = 6, x1 = 2, x2 = 1, x4 = 3, x5 = 2, x6 = 3, x8 = 2, y1 = 2, d1 = 1, d2 = 3, d3 = 2, d5 =
4, d5 = 1, d6 = 1, d7 = 3, d9 = 2. For these choices of the parameters, from figures we observe that
ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff are all positive during evolution of the Universe. So
NEC, WEC, SEC and DEC are satisfied for our constructed f(R,G,T ) gravity for future singularity
model. Also, we see that in this model, ρeff+peff , ρeff , ρeff+3peff and ρeff−peff are all increasing
from lower values to higher values as time increases. At future singularity, all the quantities are blows
up.
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Fig.16 : Plot of v2s against time t for de Sitter expansion.
VII. STABILITY ANALYSIS
In this section, we test the viability of f(R,G,T ) gravity model by exploring its stability against
perturbation. The square speed of sound is the key quantity for investigation of the stability. So for
stability analysis of the model against small perturbation we derive the squared speed of sound defined
by
v2s =
dpeff
dρeff
=
p˙eff
ρ˙eff
(67)
The sign of v2s plays a crucial role in determining the classical stability or instability of the background
evolution. If 0 < v2s < 1, the model is classically stable while v
2
s < 0 or v
2
s > 1 represent a classically
unstable model against the perturbation respectively. The square speed of light v2s vs time t for de
Sitter, power law and future singularity models have been drawn in figures 16, 17 and 18 respectively.
From these figures, we observe that v2s for all the models are lying in (0, 1). So we may conclude
that f(R,G,T ) gravity models are classically stable for de Sitter, power law and future singularity
expansions.
VIII. DISCUSSIONS AND CONCLUDING REMARKS
Here we have introduced the extended modified gravity theory named as f(R,G,T ) gravity after
the modifications of gravities like f(R,T ), F (R,G), f(G,T ) gravities where R is the Ricci scalar, G
is the Gauss-Bonnet invariant and T is the trace of the stress-energy tensor. We have obtained the
gravitational lagrangian by adding f(R,G,T ) with matter Lagrangian Lm in the Einstein-Hilbert ac-
tion. We have derived the gravitational field equations for f(R,G,T ) gravity by least action principle.
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Fig.17 : Plot of v2s against time t for power law expansion.
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Fig.18 : Plot of v2s against time t for future singularity model.
If we put f(R,G,T ) = f(R,T ) (G independent), we can recover the field equations in f(R,T ) gravity
which was proposed in Ref [26]. If we put f(R,G,T ) = f(G,T ) (R independent), we can recover the
field equations in f(G,T ) gravity which was proposed in Ref [41] and if we put f(R,G,T ) = f(R,G)
(T independent), we can recover the field equations in f(R,G) gravity [33]. Next we have constructed
the f(R,G,T ) in terms of R, G and T in de Sitter as well as power law expansion of the universe. We
have also constructed f(R,G,T ) where the expansion follows the finite time future singulary (big rip
singularity). It has been observed that for de Sitter expansion, the form of f(R,G,T ) contains the
combinations of exponential and power forms of R, G and T but for power law and big rip singularity
expansion models, the forms of f(R,G,T ) contain only the power forms of R, G and T .
We have drawn the function f(R,G,T ) against t in figure 1, 2 and 3 for de Sitter, power law
and future singularity models respectively. From figure 1, we have observed that f(R,G,T ) sharply
increases as t increases (upto ≈ 2) and then it takes the value 5.4365 which is nearly parallel to t axis
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(i.e., slope of the curve ≈ 0) throughout the evolution of the Universe for de Sitter expansion. From
figure 2, we have seen that f(R,G,T ) sharply decreases as t increases (upto ≈ 2) and then it is nearly
parallel to t axis (i.e., slope of the curve ≈ 0) throughout the evolution of the Universe for power law
expansion. On the other hand, from figure 3, we have observed that f(R,G,T ) nearly parallel to t
axis (i.e., slope of the curve ≈ 0) upto certain period of time t ≈ 5 then sharply increases as t increases
near future singularity (t ≈ 6).
We have investigated all the energy conditions (NEC, WEC, SEC, DEC) in f(R,G,T ) modified
theory of gravity. If ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff are all non-negative, then all the
energy conditions are satisfied. For this purpose, in de Sitter model, we have plotted ρeff + peff ,
ρeff , ρeff + 3peff and ρeff − peff against t in figures 4, 5, 6 and 7 respectively. From these figures
we have seen that ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff are all positive during evolution
of the Universe. So NEC, WEC, SEC and DEC are satisfied for our constructed f(R,G,T ) gravity
for se Sitter expansion model. Also, we have seen that in this model, ρeff + peff , ρeff , ρeff + 3peff
and ρeff − peff are all decreasing as time increases. Initially, these quantities have sharp decrease
bahaviour (about t ≈ 2) and after that these are nearly parallel to t axis and tending to zero but keeps
positive sign. For power law model, we have plotted ρeff + peff , ρeff , ρeff + 3peff and ρeff − peff
against t in figures 8, 9, 10 and 11 respectively. From these figures, we have observed that ρeff +peff ,
ρeff , ρeff + 3peff and ρeff − peff are all positive during evolution of the Universe. So NEC, WEC,
SEC and DEC are satisfied for our constructed f(R,G,T ) gravity for power law expansion model.
Also, we have seen that in this model, ρeff +peff , ρeff , ρeff +3peff and ρeff −peff are all decreasing
from high values to nearly zero as time increases. Also for future singularity model, we have plotted
ρeff +peff , ρeff , ρeff +3peff and ρeff −peff against t in figures 12, 13, 14 and 15 respectively. From
figures we have seen that ρeff+peff , ρeff , ρeff+3peff and ρeff−peff are all positive during evolution
of the Universe. So NEC, WEC, SEC and DEC are satisfied for our constructed f(R,G,T ) gravity
for future singularity model. Also, we have seen that in this model, ρeff + peff , ρeff , ρeff + 3peff
and ρeff − peff are all increasing from lower values to higher values as time increases. At future
singularity, all the quantities are blows up.
Finally, we have examined the stability of our constructed f(R,G,T ) gravity for de Sitter, power
law and future singularity models. For this purpose, the sign of v2s plays a crucial role to determine
the classical stability or instability of the background evolution. The square speed of light v2s vs time
t for de Sitter, power law and future singularity models have been drawn in figures 16, 17 and 18
respectively. From these figures, we have seen that v2s for all the models are lying in (0, 1). So we
have concluded that f(R,G,T ) gravity models are classically stable for de Sitter, power law and
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future singularity expansions.
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